Study Design. A retrospective review. Objective. Isthmic spondylolisthesis (ISY) is a common orthopedic condition. Our objective was to identify trends in the surgical management of adult ISY in the United States and to evaluate trends in the surgical techniques utilized. Summary of Background Data. Various surgical approaches have been described for ISY but preferred trends are not known. Methods. Using the Nationwide Inpatient Sample (NIS), 47,132 adult patients (!18 years) with ISY undergoing lumbar spine fusion from 1998 to 2011 were identified. Our primary outcome of interest was the national trend in use of anterior (ASF), posterior (PSF), posterior with interbody (P/TLIF), and combined anterior-posterior fusion (A/PSF) surgeries for ISY patients. Poisson regression, modified Wald's test, and linear and logistic regression analysis with P < 0.05 were used for statistical analysis. Results. The annual rate of fusion surgeries for ISY increased 4.33 times-from 28.31 surgeries in 1998 to 122.69 surgeries per million US adults per year in 2011. Over the study period, annual rates of ASFs increased 2.65 times (P < 0.001), PSFs increased 1.03 times (P ¼ 0.24), P/TLIFs increased 4.33 times (P < 0.001), and A/PSF increased 2.93 times (P < 0.001). In 2010 to 2011, the complication rate was significantly higher for A/PSF (18.86%, P < 0.001). PSFs had a higher complication rate of 3.61% and P/TLIFs (2.58%). The risk of complications was lower for females, elective admissions, and in hospitals in the South. Mean hospitalization charges adjusted to 2011 dollars were significantly higher for A/PSF ($157,560; 95% CI [95% confidence interval]: 14,480-170,360; P < 0.001), followed by P/TLIFs ($103,700; 95% CI: 9840-109,030) and PSFs had lower mean hospitalization charges ($87,420;770). Conclusion. Use of fusion for ISY has significantly increased and interbody fusion has become the most preferred approach over the study period. Hospital charges and complications were highest for combined anterior-posterior fusions.
I
sthmic spondylolisthesis (ISY) has a variable prevalence in North America depending on one's ethnicity/race/sex (up to 2% in African-Americans, 4.35% to 6% in Caucasians, and up to 45% in the Inuit population). 1, 2 It is more common in males and those involved with hyperextension activities such as gymnastics, football, rowing, weight lifting, and swimming. 1, [3] [4] [5] [6] [7] The prevalence of slip progression is low and has been found to decrease with increasing age. 1, [8] [9] [10] [11] Slip severity is classified using the Meyerding method and low-grade slips are those with less than 50% slippage versus high-grade having greater than 50% slippage. 12 Most patients with low-grade ISY respond well to nonoperative management, including activity modifications, physical therapy with a focus on abdominal and core strengthening, hamstring stretching, selective nerve root injections, and bracing. If nonoperative management fails, surgical treatment with decompression, if radicular symptoms are present, and fusion is preferred. 1, 9, 10, 13, 14 National trends in the surgical management of ISY are not known. Our objective was to identify trends in the surgical management of adult ISY in the United States and to evaluate trends in the surgical techniques utilized.
METHODS Data Source
We used the Healthcare Cost and Utilization Project's (HCUP) Nationwide Inpatient Sample (NIS) database for the years 1998 to 2011. NIS is the largest all-payer national inpatient database. 15 For the annual NIS database, a 20% sample of US hospitals is generated through a single-stage stratified sampling process. Elaborate quality control procedures are used to ensure the validity, as well as the internal and external consistency of the NIS databases. 16 Institutional Review Board approval is not needed, as the data are de-identified.
Study Cohort
We used the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) to identify inpatient stays for ISY (diagnosis codes 756.11 and 756.12) that were treated surgically using 1 of following 4 fusion approaches: (1) anterior spinal fusion (ASF) only (procedure codes 81.04 and/or 81.06); (2) posterior spinal fusion (PSF) only (81.05 and/or 81.07 and/or 81.08), (3) posterior fusion with interbody fusion (P/TLIF) only (81.5 and/or 81.07 and/or 81.08) with 84.51, and (4) anterior/ posterior fusion (A/PSF), which includes more than 1 of the aforementioned surgical approaches. We excluded patients less than 18 years of age (n ¼ 876). We further defined our cohort by retaining discharges with diagnosis-related groups (DRGs 453-455, 459-460, 496-498). The final cohort included 47,132 inpatient discharges, which when weighted using NIS discharge weights represented 223,126 national discharges for ISY.
Outcomes
Our primary outcome was the national trend for the 4 fusion techniques. We computed annual rates (number of surgeries per million US adults per year) by dividing the annual weighted counts of the surgical groups by the US Census Bureau estimates of the US adult population for the respective years. 17 In addition, we examined the following outcomes: (1) postoperative complications, (2) discharge disposition, (3) length of stay (LOS), and (4) inflationadjusted hospitalization charges. Since the ICD-9-CM procedure code of 84.51 (interbody fusion) was introduced in 2002, analyses involving this procedure are limited to observations with the year of discharge as 2002 or later.
We used ICD-9-CM diagnosis codes and DRGs to identify cases with postoperative complications. 18 We coded this as a binary variable, to indicate the presence of at least one postoperative complication, which included neurologic, pulmonary, venous thromboembolic, cardiac, urinary and renal, gastrointestinal, infections, and incidental durotomies. We coded discharge disposition as a binary 1/0 variable, with 1 indicating a routine discharge and 0 indicating a nonroutine discharge (including discharges to short-term hospitals, skilled nursing facilities, and death). LOS is computed by HCUP as the difference between the discharge and admission dates. For the multivariate analyses, we recoded this variable as LOSþ1 to account for same day discharges (albeit rare and are coded as 0 by HCUP). Hospitalization charges include charges for services provided during hospital stay and exclude professional fees. These charges were adjusted to 2011 dollars using the Consumer Price Index to account for inflation.
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Independent Variables
To examine trends in utilization of surgeries, we used year of discharge as the independent variable of interest. To examine outcomes for each of the 4 surgical groups, we divided the 14-year time frame in 7 groups of 2 years each. We stratified the cohort on the basis of these time groups, and used the type of surgical approach-coded as a categorical variable-as the independent variable of interest. The rationale behind stratifying the 14-year time frame into groups of 2 years is to systematically demonstrate the granularity in changes in outcomes and predictors over time.
Covariates
We adjusted our analysis for patient-, admission-, and hospital-level covariates. Patient-level covariates included patient age, sex, race, and comorbidities. Age was categorized into quartiles (1st quartile: 18-48 yr, 2nd quartile: 49-59 yr, 3rd quartile: 60-68 yr, and 4th quartile: 69 yr and older). We used Elixhauser AHRQWeb ICD-9-CM coding algorithm to identify 29 preexisting comorbidities. 20 Admission-level covariates included admission type (elective/nonelective) and primary payor (Medicare/Medicaid/ self-pay or private insurance/other government insurance). Hospital-level covariates included hospital bed number (small/medium/large-determined by a combination of hospital region, location, and teaching status), location (urban/ rural), ownership (government/private not-for-profit/private for-profit), geographic region (Northeast/Midwest/ South/West), and teaching status (teaching/nonteaching).
Statistical Analyses
We used Poisson regressions to examine significant changes in time trends of the 4 surgical approaches. For bivariate analyses, we used adjusted Wald tests to identify significant changes in the distribution of patient, admission, and hospital characteristics for the surgical groups over time, with a focus on comparing distributions for P/TLIFs with those for PSFs. We used logistic (complications and discharge disposition) and linear (log-transformed LOSþ1 and hospitalization charges) regressions to examine the association between the type of surgery and their respective outcomes, after controlling for relevant covariates and stratifying by year of discharge. We used AHRQ's HCUPnet online query system to check for the accuracy of the national weighted counts for the diagnoses and procedures. 21 To maintain brevity, we present and discuss results for the most recent 2-year time frame (2010-2011), and make comparisons with previous 2-year time frames where appropriate. 
ÃÃ
Anterior posterior fusion (includes discharges with more than 1 surgical approach). Anterior posterior fusion (includes discharges with more than 1 surgical approach). § P value for test of differences in distribution of characteristic between the 3 surgical groups for the particular time frame. jj Posterior interbody fusion. { P value for test of differences in distribution of characteristic between the 4 surgical groups for the particular time frame. # P value for test of differences in distribution of characteristic for the particular surgical group. Statistical analyses was performed using the -svy-commands in Stata 12 for Windows (Stata Corp., College Station, TX). Statistical tests were 2-sided and P < 0.05 was used to indicate statistical significance.
Source of Funding
We did not receiving any funding or grants in support of this work.
RESULTS
National Trends: 1998 to 2011
The final study cohort is composed of 47,132 discharges. Applying the discharge weights resulted in 223,126 national discharges of ISY. Overall, the annual rate of fusion surgeries for ISY increased 4.33 times-from 28. In 2003, ASFs accounted for 4%, PSFs for 60%, P/TLIFs for 28%, and A/PSF for 7% of all fusion surgeries for ISY ( Figure 1B) . Beginning in 2007, a steady increase in the proportion of P/TLIFs is seen with a commensurate decline in the proportion of PSFs only. In 2011, P/TLIFs are the most common fusion surgeries accounting for 57% of all ISY surgeries performed. Anterior posterior fusion (includes discharges with more than 1 surgical approach). § P value for test of differences in distribution of characteristic between the 3 surgical groups for the particular time frame. jj Posterior interbody fusion. { P value for test of differences in distribution of characteristic between the 4 surgical groups for the particular time frame. # P value for test of differences in distribution of characteristic for the particular surgical group. 
Characteristics of Study Subjects
CLINICAL CASE SERIES
Management of Lumbar ISY Thirukumaran et al was significantly higher than the age of patients undergoing P/TLIFs (Mean ¼ 59.22; SE ¼ 0.29). For the same duration, patients undergoing PSFs had significantly higher mean number of comorbidities (Mean ¼ 1.90; SE ¼ 0.04; P < 0.001) than patients undergoing P/TLIFs (Mean ¼ 1.76; 1.76; SE ¼ 0.04). There were significant differences in the distribution of the payor for the inpatient stay, with PSFs having significantly higher proportion of stays reimbursed by Medicare (51.09%; P < 0.001), and P/TLIFs having significantly higher proportion of stays reimbursed by private insurance (47.51%; P < 0.001). In the same time frame, 75.47% of PSFs were performed in not-for-profit hospitals (P ¼ 0.02) as compared with 66.64% of all P/TLIFs. Fifty percent of PSFs and ASFs were performed in teaching hospitals as compared with 47.75% of P/TLIFs (P ¼ 0.01).
The trends in the distribution of patient, admission, and hospital characteristics for each of the 4 groups of surgeries are presented in Table 2, Table 3 , and Figure 2 . Trends in unadjusted outcomes are graphically represented in Figure 3 . The complication rates for ASFs, PSFs, and P/TLIFs have significantly declined over time, while that for A/PSF surgeries has remained relatively high and fairly stable. The proportion of routine discharges and LOS have shown significant decline for each of the surgical approaches, whereas hospitalization charges have shown a steady increase over time.
Adjusted Outcomes
In 2010 to 2011, after controlling for relevant variables, P/TLIFs had 4% shorter LOS (Estimate for log-transformed [LOSþ1] ¼ À0.04; 95% CI: À0.08 to À0.01; P ¼ 0.02) ( Table 5 ) and 20% higher hospitalization charges (Logtransformed estimate ¼ 0.18; 95% CI: 0.13-0.23; P < 0.001) than PSFs. No significant differences in complication rate or discharge destination were found between P/ TLIFs and PSFs.
For the same duration, ASFs had 10% shorter LOS (Estimate for log-transformed [LOSþ1] ¼ À0.10; 95% CI: À0.14 to À0.05; P < 0.001) and 16% higher hospitalization charges (Log-transformed estimate ¼ 0.15; 95% CI: 0.08-0.23; P < 0.001) than PSFs. A/PSF had significantly higher complication rate (odds ratio [OR] ¼ 9.94; 95% CI: 7.58-13.04; P < 0.001), 8% longer LOS (Estimate for logtransformed [LOSþ1] ¼ 0.08; 95% CI: 0.04-0.12; P < 0.001), and 54% higher hospitalization charges (Logtransformed estimate ¼ 0.43; 95% CI: 0.36-0.50; P < 0.001) than PSFs. A/PSF had 24% lesser odds of a routine discharge (OR ¼ 0.76; 95% CI: 0.57-1.00; P ¼ 0.05) than PSFs. The risk-adjusted trends in outcomes are presented in Table 5 . Combined (includes discharges with more than 1 surgical approach). jj Posterior transforaminal lumbar interbody fusion. § P value for test of differences in distribution of characteristic between the 3 surgical groups for the particular time frame. { P value for test of differences in distribution of characteristic between the 4 surgical groups for the particular time frame. # P value for test of differences in distribution of characteristic for the particular surgical group. Appendix 1, http://links.lww.com/BRS/B54 presents other statistically significant covariates for each of the outcomes in 2010 to 2011. The risk of complications significantly increased with age (!60 years) and the presence of certain comorbidities. The risk of complications was lower for females, elective admissions, and in hospitals in the South. The chance of routine discharge was higher for whites, non-Medicare patients, and for those treated in the Midwest and West. The chance of routine discharge was lower with increasing age, for females, and in patients with certain comorbidities.
DISCUSSION
Several surgical options have been proposed to treat patients with recalcitrant symptoms from lumbar ISY. Historically, a decompression procedure alone was suggested, 22, 23 but due to a high prevalence of slip progression, decompression alone is no longer recommended. 24 Vertebral segment fusion with decompression has been advocated to stabilize the slip and relieve neurologic symptoms in the adult patient. 25, 26 Our analysis of 47,132 hospital discharges for ISY indicates that utilization of fusion surgery for ISY increased significantly during the selected study period. Throughout this increase in fusion surgery, posterior interbody fusion (P/TLIF) has become the most common approach. Mean hospitalization charges adjusted to 2011 dollars were significantly higher for A/PSF ($157,560; 95% CI: 14,480-170,360; P < 0.001), followed by P/TLIFs ($103,700; 95% CI: 9840-109,030) and PSFs had lower mean hospitalization charges ($87,420; 95% CI: 8210-92,770).
Several surgical controversies exist related to surgery for adult ISY. These include the surgical approach, the use of instrumentation, and the technique for achieving fusion. Commonly employed procedures include anterior lumbar interbody fusion (ALIF), posterior lumbar fusion (PLF), posterior lumbar interbody fusion (PLIF), transforaminal lumbar interbody fusion (TLIF), or a combination of these and other minimally invasive techniques. 25, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] Data obtained from outcome studies do not support 1 method over another and each technique has its associated complications. 28, [42] [43] [44] [45] [46] [47] [48] [49] [50] Most of the published literature is retrospective with no standardization of either outcome measures or process measures. 43, 51 The limited outcome studies suggest that a solid fusion, regardless of the technique or the approach, is important for successful patient outcomes. 26-28,39,42-44,47-49,52 -59 Our data suggest that surgeons are becoming more comfortable with using posterior interbody techniques and relying less on anterior approaches; surgeons more frequently utilize the posterior approach without interbody for older patients than anterior or combined procedures. We found higher complication rates with combined anterior and posterior procedures (18.86%). The NIS does not provide any data regarding the specific degree of the patient's spondylolisthesis consequently; it is plausible that the combined anterior-posterior fusions may have been performed in a population of patients with greater deformity. It is generally agreed that fusion of higher grade ISY is more technically challenging than fusion of lower grade ISY. Thus, the significantly higher rates of complications may be partially a result of the complexity of these surgeries as opposed to purely reflective of the surgical approach.
The available literature shows little difference in the complication rates of anterior approaches versus posterior-only surgery (with or without interbody). 48 64 There are no randomized prospective studies to support posterior-based surgery over anterior surgery, or prospective randomized studies to support interbody technology for ISY. 43, 52, 56, 65 A recent NIS-based study evaluating surgical trends in degenerative spondylolisthesis also noted the higher complications rate with combined anteriorposterior fusions in comparison to posterior fusion only without interbody. 66 Limitations of the study include the inherent limitations of an administrative database. The database is reliant on proper entry of diagnostic and procedure codes as well as comorbidities and complications. Process measures such as degree of spondylolisthesis, patient-derived outcomes, and long-term follow-up are also not available. Coding practices may also not be accurately captured by NIS. However, the strength of administrative databases includes the large amount of patient and demographic information that can be gathered. This study shows that it is possible to evaluate trends in surgical approaches over the study period and across geographic regions and hospitals. We focused on adult patients (!18 years) with ISY, as we only identified 876 patients less than 18 years old undergoing ISY surgery. A recent study has shown that there are discrepancies in comorbidities and adverse events identified by NIS as compared with another administrative database, National Surgical Quality Improvement Program (NSQIP). 67 If this study was duplicated in the NSQIP database, then there could be variation particularly in regard to the complications. However, our primary outcome for this study was the national trend for the 4 fusion approaches for ISY and the strength of the NIS is the ability to capture such trends.
In conclusion, this is the first study, to our knowledge, to evaluate national trends in the surgical management of adult ISY. We demonstrated that the rate of posterior interbody fusion has significantly increased in comparison to other approaches. Hospital charges throughout the study period also increased significantly with the highest charges being for combined anterior-posterior fusion. Complications were associated with increasing age, certain comorbidities, and combined anterior-posterior fusions.
Key Points
Use of posterior interbody fusion has significantly increased over the study period (P < 0.001) and account for 57% of fusions for ISY. Anterior-posterior fusion had the highest complication rate (18.86%) and hospital charges ($157,560). The risk of complications significantly increased with age (!60 years) and the presence of certain comorbidities. Increasing age, female gender, certain comorbidities, and urban teaching hospitals were significant predictors of higher LOS.
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